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titanium aluminide- based composites are attractive 
nat l rials io l high- temperature structural applications. As thesl 
foi«I la * S ° ay be ex P° sed t0 oxidizing environments during their use at elevated 

Previous "stud i e s (rJ^T^ ^ P °l SeSS a «** oxid ^n resistLce 
alloirin ^ Ti f? f e have sh0VIl . th at the oxidation resistance of Al-rich 
a “? ys Tl 'Vu syste ? 1S *?P« 10r t0 that of the Ti-rich alloys. The 

/ ?? the surface of the Al-rich and Ti-rich alloys have been 
11*111 ed («f. 1) t0 predominantly A1 2 0 3 and Ti0 2 , respectively. Since the 
n*v»pi V nrf« bl ^ ltieS k° f tbe 0x i des °* A1 311(1 TA at various temperatures and 
Sit f t h ra S f C X beassessed from their thermodynamic data, it is possible, 

?hp a n« « E- 0 / thermodynamic calculations, to determine the compositions of 

?Ai n U J S - Ch -!°!- d f0ra SCal6S of A1 ’° 3 > Ti0 * or a ternary oxide such as 
I1AI ? U 5 during oxidation at a given temperature. The thermodynamic calculations 

S2S™?*IJ 1 i“ 1 !i. aCtlVX - ty data for the Ti ' A1 s Y sten - These ^data have not been 
?fi -AV Cntir l composition and temperture range of interest. Using 

^L n data ?y aila 5 le “ th ? literature, Rahmel and Spencer (ref. 2) recently 
flit 3 ™e d thfrmodjrnamic calculations and concluded that the stable oxide changed 
from TiO to A1 2 0 3 in the existence region of the TiAl phase. 

In the case of titanium aluminide- based composites, another major concern 
is the mutual chemical compatibility of the matrix material with the 
rem orcement phase. Fibers of SiC, TiB 2 and Ala O3 are currently being 
investigated for reinforcement of titanium aluminide matrices. Recent studies 
3 ' have &h0 ™ tfa at SiC is incompatible vith TijAl. No detectable reaction 
has been observed between TiB 2 and Ti-43 at. 7. A1 (a 2 + 7 ) alloy at 1473K (ref. 4). 
1+,,^ w S u- een reported to be compatible with A1 2 0 3 . However, in a recent 
study by Misra (ref. 5), a chemical reaction between A1 2 0 3 and titanium 
aluaimdes containing less than 50 at. 7, A1 has been observed. Misra (ref 5) 

5- 6 r f a 5 ti0Q be t? ee V Ti ‘ A1 all °y» (vith < 50 at J, Al) and A1 2 0; 
is that of the dissolution of Al and atomic oxygen from A1 2 0 3 : 

A1 2 0 3 = 2A1 + 3fl 

The above reaction results in an increase in the concentration of Al in the 
surface of the Ti-Al alloy. The formation of 7-TiAl phase thus takes place, 
illusion of Al and atomic oxygen away from the interface causes the reaction to 
proceed further. 

For reaction (1) to be feasible the product {a 3 Q • a 2 ^} (where a^. is the 
activity of Al and a Q is the activity of oxygen in the alloy), should be less 
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thau the equilibriue constm, l, , for reaction (1). At high values of a,. 
ald/0r *P “ the the folloving reaction „ay also take placet 

S’ . «pVei:“?. “e 
investigate S ^ * i ^ 

Dench Th (ref he ™) 0d ^ lC «i y ° a f Z aii e IV ° a T^% haS 7 x bee V tudied by Ku baschewski and 

SStoKEff'ta SlKf ‘te pise' ?“ “* VS^^Hhr f ia°Srals; 

^TtT s » ‘.’WK Jssn $7,ft 

oxihat^n 7 " and^lnt^f 3SU& '^“c tivltio"” 

and aboS? S«' U/JfeSor” " 1 ’°"''* ^ 8) t0 ab °“' 203 U/ "°^ for “' Ti 
d pr rp» « oif ^fn 1 ^ ”i reported (ref. 9) that the additions of A1 to Ti result in a 
soSbilitv aiS b iHif« <?f ? Xyg ?* Hovev . er ’ the information on the thermodynamics, 
Irl VhVSin^f K fUSlV1 ] y °. f °^ en 111 Ti ‘ A1 all °y s is very limited. Attempts 

SlfuairitT of tT^ 1 the . theraod ^ics, solubility Ld 
vttHa h^L tL ° yg Ji' A1 a al ty s usin ? electrochemical cells with 

yttria- doped thona as a solid electrolyte. High reactivity of these allovs 

^urh a? rg f n -/i 1 t* h0W w ever ’- a P roblem in these measurements. Other approaches, 

, k i 1D f tlCS , S l nd A * S ’ may also therefore have to be tried ?i 
compositions. 6 SOlublllty ^ dlff nsivity of oxygen in Ti* A1 alloys of various 
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Objectives 


- Thermodynamic Study of Ti-Al-0 Alloys 


’ ° E Ti-Al Alloys Solubility of Oxygen in 


Rationale for Work 


- Thermodynamic Data on Ti-Al-0 System 
u « f ul in Predicting the Phases Formed 
During Oxidation 


- Chemical Compatibility of Al,0, 
Reinforcement Phase with tItAn 
Aluminide Matrices 


zum 


Al z 0 3 = 2Ak + 3Q (Misra) 
II + Q = TiO 


Approach 

- Electrochemical Measurements Using 

Yttria-Doped Thoria as Solid 
Electrolyte 

- Oxidation Studies 
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Simplified Ti-Al-0 Phase Diagram. Isothermal 
Section at 1173 K. (From Rahmel and Spencer) 
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Solubility of Oxygen in Titanium 
Mai ebials Oxygen So lubility (at %) 

“ " Tl 0-31.9 

P - Ti 0-4 


Al and Si lower the solubility of oxygen 

(Chaze and Codoet) 

- At 700°C, in the presence of Al, the 

9 XYG f N DECREASES FROM 
31.9 AT% TO 0.3 AT% 

Cr has negligible effect on the oxygen 
solubility 



@1 





2-0 3.0 

nt^BBSSl 


ium as a Function of 
. (From Miyazaki , Et Al. ) 
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° F ° XYGEN IN Titanium as a Function 
of Temperature and Oxygen Partial Pressure* 


T(°C) 

Equilibrium 

POj ESTABLISHED BY 

POj (atm) Q 

IN Ti(at%) 

800 

Ca - CaO 

1.2 X 10' 51 

0.04 


Mg - MgO 

1.9 x 10' 50 

0.16 

1000 

CaO - CaO 

6.4 x 10' 42 

0.05 


Mg - MgO 

2.7 x 10' 39 

0.98 

1200 

Ca • CaO 

8.7 x 10' 35 

0.08 


Mg - MgO 

3.7 x 10* 31 

5.34 


Ti - TiO 

1.7 x 10‘ 29 

36.2 

Alpha: 

1/2 LN P0 2 = LN(* fl) 

+ 10.3 - 70.500 
T 

(1150-1340K) 

Beta: 

1/2 LN POj = LN(% Q) 

+ 12.1 - ZL900 

(1150-16000 


T 


* 


Miyazaki, et al. 
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B iffusivity of _ 0 _ xyge n in Tita^ h^ 


Quach-Kamimura, et al. 


D = 0.45 exp I - 200 kJ/mo^ f 
I RT 


r D a - 0.778 exp / -4$, 600 cal/mole cm 2 s ‘ 1 j (932-1142 J C) 
j 1 RT , 

I 

1 D 0 = 3.3 x 10 2 exp /-58.800 cai,/mqve i (932-1142°C) 

' RT I 


Dechamps 


D 0 X 0.408 EXP (- 47,040 cal/mqi f 
' RT 


a - P transition at 882°C 


Temp. (°C) 
700°C 
800 
900 
1000 


Quach-Kamimura 

Rosa 



D, 


8.24 x 10' 12 

• 

- 

8.25 x 10*’ 1 

- 

— 

5.58 x 10”° 6.84 

* JO’’ 0 3.65 

x 10‘ 9 

2.79 x 10‘ 9 3.52 

x 10'* 2.65 

x 10‘ 3 


Dechamps 

5 c 

1.11 x 10 11 
1.07 x 10‘ 10 
1.72 x 10' 9 


3.42 x 10' 9 
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E lECTROCHEMICA l M EASUPei^FHTfi 


The cell scheme used to check tuf DBnom ■ 

OF THE GALVANIC CELL: HKK ™ E R0PER FUNCTIONING 

Ta + Ta 2 0 5 | Yttria-Doped | Nb +NbO 

Thoria 

The virtual cell reaction is: 

2Nb + 2/5Ta 2 0 5 a 2 Nb0 + 4/5TA 


FOR WHICH 

* G ° - 2 <o 


- 2/5 *g° taj0j 


-nE°F 


Where E° = cell emf 

F = Faraday's constant 

N 5 NUMBER OF ELECTRONS TRANSFERRED 
IN THE REACTION 
(4 FOR THE ABOVE REACTION) 


sr miuf ™« 


Te mp* (K) 
1000 
1100 
1200 
1300 


£?( mV) 

39.1 

37.1 
34.9 
32.8 
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Summary 


Re « n I Studies Show that Al,0, Reacts With 
Alloys Containing l!s 3 s Than 50 at 

InJolO« tub T ii THE Rea ction Mechanism 

Oxygen ^™™aE'o“ luti °" of Al *»» A ™«ic 


- Literature Survey Reveals That the 

Ability and Diffusivity of Oxygen in 

™ L fJ s *S E Verv Frot 

yK? i5nJTO. H0UEVE "' ™ E lNFOW «TtON is 


- Attempts to Study the Ti-Al-0 System Using 
an Electrochemical Technique and 
Oxidation Studies are Underway. 



